Of these instruments, the radar altimeter provides by far the longest duration record. Since the launch of GEOSAT in 1985, there exists an almost continuous (break in 1990 -1991) record of measures from a total of seven different altimeter missions. Numerous calibrations of these altimeters have shown that the instruments can be used to measure significant wave height,
, where E is the total energy of the wave field, with an rms error less than 0.2m (17) and the wind speed, 10 U with an rms error less than 1.5m/s (17) (18) (19) (20) (21) . Data from altimeter missions have been used to investigate mean ocean wind and wave climatology (21, 22) , on a global scale. Recently, Zieger et al. (20) carried out systematic calibrations and crossplatform validations of all altimeter measurements over the full 23 years for which data are available. This study provided a consistent data set over this extended period. As the data set spans multiple satellite platforms, consistent calibration and validation is critical when investigating long term trends. In the present study, we use this data set to investigate whether there have been systematic changes in the ocean wind and wave climate over this period. As the seasonal cycle typically is large, care must be exercised in determining trend information from the data set [supporting online material (SOM)].
We aim here to determine if there is a statistically significant trend [where trend is defined as a linear increase/decrease in the mean (23, 24) In order to validate the trends observed in the altimeter data, the same analysis was applied to the 12 deep-water buoys used by Zieger et al. (20) . The results are shown in Table 1 The present analysis cannot absolutely determine why there is a stronger trend in wind speed than wave height or the underlying physical processes responsible for the observed positive trends in both quantities at extreme values. Observations of local wave generation (26, 27) indicate that for wind generated waves, significant wave height is approximately proportional to wind speed. Hence, one might initially expect that the spatial patterns for wind speed and wave height would be similar. However, the situation is more complex in that wave height in the open ocean is a mix of locally generated wind sea and remotely generated swell.
Although trends in wind-sea will be correlated with trends in the local wind speed, it has been shown that swell is influenced by not only the intensity of generating meteorological systems but also their frequency (4, 6) . Hence, differing trends in wind-sea (a proxy for wind speed) and swell are plausible.
The present results do show causal relationships between the trends in wind speed and wave height. The Southern Ocean is dominated by strong westerly winds blowing across large oceanic fetches. As expected, in this region, there are well correlated positive trends in both wind speed and wave height. The same is true in the high latitudes of the northern hemisphere. In contract, the wave climate in tropical regions is dominated by remotelygenerated swell and the results show little correlation between wind speed and wave height trends for these areas. For extreme conditions (eg. 99 th percentile), waves tend to be generated by local storm events and hence one would expect a stronger correlation between wind speed and wave height. The present results ( Fig. 3 and have also been shown to be correlated with wave heights in the North Atlantic (5, 10, 11, 13, 14) . Hence, it is highly likely that such long term oscillations will significantly influence the global ocean wind and wave climate. As the present data set is only two decades long, it is not possible to distinguish between a steadily increasing or accelerating trend, which could be extrapolated into the future or simply the upward portion of a multi-decadal oscillation. Only a longer data set will be able to separate these possibilities.
The present analysis does, however, indicate that over the past two decades there has been a consistent trend towards increasing wind speeds. For wave height, the results are more complex, with no clear statistically significant trend for mean monthly values. At more extreme conditions there is a clear statistically significant trend of increasing wave height at high latitudes and more neutral conditions in equatorial regions. 
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